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Conductive perovskite BaPbO3(BPO) films have been prepared successfully by chemical solution deposition method through spin-
coating on Pt/Ti/SiO2/Si substrates. The choice of baking temperature is a key factor on the development of conducting BPO perovskite
phase. When the baking temperature is higher than 350 -C, the BPO films contain a high content of BaCO3 phase after annealing at
temperatures higher than 500 -C. If the baking temperature is chosen lower than 300 -C, such as 200 -C, the annealed BPO films consist
mostly of perovskite with only traces of BaCO3. Choosing 200 -C as the baking temperature, the BPO films developed single perovskite
phase at temperatures as low as 550 -C. The perovskite BPO phase is stable in the range of 550–650 -C and the measured sheet resistance of
the BPO films is about 2–3 V/square. The perovskite BPO film as a buffer layer provides improvement in electric properties of lead
zirconate titanate films.
D 2005 Published by Elsevier B.V.PACS: 81.20.Ka; 77.80.-e; 73.61.-r
Keywords: Lead zirconate titanate; Deposition process; Ferroelectric properties; Resistivity1. Introduction
Conducting perovskite oxide electrodes [1–6] such as
SrRuO3, YBa2Cu3O7 x, (La,Sr)CoO3, LaNiO3, and
BaPbO3 (BPO) have attracted considerable interest in
applications concerning lead zirconate titanate (PZT) and
other perovskite ferroelectrics, because they provide
improvement against fatigue and have similar chemistry
and structure to the ferroelectric films. BPO electrodes,
among the conducting perovskites, not only improve fatigue
and leakage behavior but also lower the crystallization
temperature of the PZT ferroelectrics. BPO electrode had
been successfully prepared by rf-magnetron sputtering [6–
8] and laser ablation deposition [9]. The BPO films prepared
by sputtering are very sensitive to the Ba /Pb ratio, and those
formed by laser ablation are not good for large area0040-6090/$ - see front matter D 2005 Published by Elsevier B.V.
doi:10.1016/j.tsf.2005.06.001
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E-mail address: jmwu@mx.nthu.edu.tw (J.-M. Wu).applications. It is valuable to fabricate BPO films by
chemical methods because of their advantages of the
excellent adjustment of the Ba /Pb ratio and the easy
formation of large area films. However, BPO films prepared
by chemical methods were found to be relatively unstable
and required high annealing temperature. Azuma et al.
[10,11] synthesized BPO films by metal-alkoxide method
on MgO and SiO2/Si substrates. They reported that BPO
films reacted with SiO2/Si substrates at temperatures higher
than 550 -C. Wang and Zhang [12] prepared BPO films by
chemical solution method on Al2O3 substrate using water as
a solvent. The heat-treated BPO films became decomposed
during repeated deposition of BPO films. Sun et al. [13]
fabricated BPO and Ba(Pb1 xBix)O3 films on Pt/Ti/SiO2/Si
substrates by metal-organic deposition method. Single
perovskite BPO phase was produced at 750 -C. Second
phases such as BaCO3 and PbO were found at temperatures
lower than 750 -C, while reactions between the substrate
and the BPO film occurred when annealing temperature was
over 800 -C. To integrate with semiconductor technology, it(2005) 143 – 147
1000
(a) 350oC-bakedPt
B
POB
PO
Pt
B
aC
O
3(1
11
)
650oCnt
s)
T.-K. Tseng, J.-M. Wu / Thin Solid Films 491 (2005) 143–147144is desirable to develop stable BPO electrode films on Pt/Ti/
SiO2/Si type substrates. In this investigation, we report BPO
films prepared by chemical solution deposition (CSD)
method using acetic acid as a solvent.20 30 40 50 60
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Fig. 1. XRD patterns of BPO films deposited on Pt/Ti/SiO2/Si substrates
and baked at (a) 350 -C and (b) 200 -C and annealed in air at diverse
temperatures.2. Experimental procedures
The starting materials are barium acetate and lead acetate
trihydrate. The Ba /Pb molar ratio of the prepared BPO
solution is 1 /1. Weighted barium acetate and lead acetate
trihydrate were dissolved and mixed in preheated acetic
acid, instead of water [12]. The solution was maintained at
80 -C for three hours for thorough mixing and homoge-
nization. The concentration of solutions was controlled to be
0.15 m (mol/kg) to ensure complete dissolution of solutes.
The solutions were deposited on Pt/Ti/SiO2/Si substrates by
spin-coating. The spin condition was 2500 rpm for 30 s. The
deposited films were baked at temperatures 200 or 350 -C
for 10 min to remove the solvent. After baking, the spin-
coating process was repeated 6 times to build up BPO films
about 120 nm. The baked BPO films were annealed at
temperatures between 450 and 800 -C for 20 min in air. The
heating and cooling rate were 100 -C/min. The crystal
structure of the BPO films was investigated with a Rigaku-
D/Max-IIB X-ray diffractometer (XRD) using Cu Ka´
radiation. The microstructure and the thickness of BPO
films were observed by a JEOL JSM-6330F scanning
electron microscope. The operating voltage was 15 kV.
The elemental distribution of film surfaces was carried out
by Auger electron spectroscopy (AES) employing an
Auger670 PHI Xir energy spectrometer. The electron gun
was a Schottky thermal field emitter. The operating
parameters were 5 kV and 0.01 AA. The energy analyzer
was a 25–140 cylinder mirror analyzer (CMA) with a
multichannel detector. The energy resolution was smaller
than 0.6%. Four-point probe technique was used to
investigate the resistivity of annealed BPO films. Top
electrodes were Pt dots of 100 Am diameter, which were
dc-magnetron sputtered on the PZT films. The polariza-
tion–electric field (P–E) curves of Pb(Zr,Ti)O3 ferroelectric
films deposited on Pt and BPO films were measured by an
RT-66A standardized ferroelectric test system from Radiant
Technology.3. Results and discussion
Fig. 1(a) exhibits the XRD patterns for annealed BPO
films which were deposited on Pt/Ti/SiO2/Si substrates and
baked at 350 -C. The crystallization of the perovskite phase
initiates at 550 -C. The diffraction peak intensities of the
perovskite phase increase with the annealing temperature
up to 650 -C. XRD patterns reveal that BaCO3 second
phase exists with perovskite, which is the same as that
prepared by metal-organic deposition method [13]. Sincethe BaCO3 phase was formed before the perovskite phase
crystallized, it was speculated that BaCO3 second phase
was formed at the 300 -C baking. To prevent the formation
of BaCO3 phase, the spin-coated BPO films were baked at
200 -C and annealed at various temperatures. Fig. 1(b)
displays the XRD patterns of these annealed BPO films,
demonstrating the disappearance of the BaCO3 phase in the
annealed BPO films baked at 200 -C. BPO films with
single perovskite phase were obtained when the annealing
temperatures were higher than 550 -C. It demonstrates that
the magnitude of baking temperature is a key factor on the
development of conducting BPO perovskite phase in the
CSD method. The results can be interpreted by the
decomposition of lead acetate and barium acetate as
follows:
PbðCH3COOÞ2 þ 5O2YPbCO3 þ 3CO2 þ 3H2Oð230-CÞ
ð1Þ
BaðCH3COOÞ2 þ 5O2YBaCO3 þ 3CO2 þ 3H2Oð350-CÞ:
ð2Þ
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Fig. 2. XRD patterns of (a) annealed water-based BPO films and PZT films
deposited thereafter and (b) annealed acetic acid-based BPO films and PZT
films deposited thereafter.
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-C, while reaction (2) happens at temperatures about 350
-C. The decomposition of BaCO3 is difficult, which requires
high temperatures, higher than the annealing temperatures
employed in this investigation, to engender. Therefore, once
the BaCO3 phase was formed, when baked at 350 -C, it
remained in the BPO film even after annealing. If the spin-
coated BPO were baked at 200 -C, no BaCO3 was formed.
When the 200 -C-baked films were immediately annealed at
temperatures higher than 550 -C (where the BPO perovskite
phase starts to crystallize), the resulting PbCO3, if any,
reacts with barium acetate to form BPO perovskite directly
without the formation of BaCO3.
Fig. 1 shows that single perovskite phase starts to
crystallize at temperatures as low as 550 -C, which is much
lower than those prepared by the metal-organic deposition
method (750 -C). The perovskite phase crystallizes steadily
during 550–700 -C, however, it disappears at about 750 -C.
The eutectic temperatures in both the binary PbO–SiO2 and
BaO–SiO2 systems are about 720 -C. It is believed that the
decrease and disappearance of the perovskite phase at
temperatures higher than 700 -C are caused by interdiffu-
sion of SiO2 and BPO across the Pt/Ti layer. BPO films
possess almost no crystalline phases at temperatures higher
than 750 -C. The BPO films are suitable to be used as an
electrode material on Pt/SiO2/Si substrates at the temper-
ature range from 550 to 700 -C, which is suitable for
integrating BPO films with the semiconductor technology.
Comparing with the BPO films prepared by the CSD
method using water as a solvent [12], the perovskite phase
prepared in this study is stable during repeated film buildup.
Fig. 2(a) represents the XRD results of the BPO films
prepared using water as solvent [12] and spin-coated PZT
films on the water-based BPO films. The BPO peaks
disappeared after deposition of PZT films, expressing that
the BPO perovskite phase was unstable and decomposed
during deposition of PZT films. In contrast, Fig. 2(b)
exhibits the XRD patterns of BPO films, prepared by this
investigation using acetic acid as solvent, and the same spin-
coated PZT films on the acetic acid-based BPO films. BPO
diffraction peaks exist simultaneously with PZT peaks,
demonstrating that the acetic acid-based BPO stays stable
during deposition of PZT films. The acetic acid-based BPO
film is thus suitable as a buffer layer for perovskite
ferroelectric materials. The reason why the acetic acid-
based BPO system shows better performance than the water-
based system is speculative with regard to their crystal
quality and microstructures. More studies are necessary to
clarify the speculation.
Fig. 3 exhibits some typical scanning electron micro-
graphs of BPO films deposited on Pt/Ti/SiO2/Si substrates.
The microstructure of the BPO films annealed at 600 -C
(¨120 nm) is shown in Fig. 3(a). The surface is not very
smooth, comprising an irregular, interconnected phase
stemming from the matrix. To determine the compositions
of the interconnected phase and the matrix, Auger electronspectroscopy (AES) was employed to characterize the
elements contained in these two regions. The AES results
indicate that these two regions comprise same elements of
barium, lead, and oxygen with almost the same signal
strength. This implies that the BPO film covers the
substrate and contains single perovskite phase. The rough
surface is due to volume contraction occurring during
decomposition of organic components and crystallization
of perovskite phase. As more BPO film was built-up to fill
the contracted area, the film became smooth. Fig. 3(b)
exhibits the microstructure of a thicker BPO film (¨240
nm) annealed at 600 -C, same temperature as Fig. 3(a),
demonstrating that the roughness resulted by volume
contraction is filled by the later-deposited film. The
microstructures of BPO films annealed in the range of
550–700 -C are similar. Fig. 3(c) shows the surface of the
BPO film annealed at 800 -C, exhibiting a different
microstructure. The surface is composed of essentially
equiaxed grains, similar to the microstructure of the bare
Pt/Ti/SiO2/Si substrate annealed at 800 -C. The XRD
results reveal that the perovskite BPO phase becomes
undetected by XRD at 800 -C. These results conclude that
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Fig. 4. Room-temperature sheet resistance and resistivity as functions of
annealing temperature.
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Fig. 5. P–E curves of PZT films deposited on BPO/Pt/Ti/SiO2/Si and Pt/Ti/
SiO2/Si substrates.
Fig. 3. SEM of BPO films deposited on Pt/Ti/SiO2/Si substrates and
annealed at (a) 600 -C, (b) 600 -C (thicker BPO films), and (c) 800 -C.
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annealed at 800 -C.
The resistivity of the BPO films was measured by the
four-point probe method. The results are plotted in Fig. 4,
showing that the sheet resistances of the BPO films decrease
with the annealing temperature. The calculated resistivity of
the 800 -C-treated film is slightly lower than that of
platinum, implying that the BPO film has completely
diffused to and reacted with the underlying SiO2 so that
the Pt electrode layer becomes exposed. The XRD pattern of
the 800 -C-treated film, as shown in Fig. 1(b), does not
exhibit broad x-ray scattering in the 2 h range of 20–25-,indicating that there is no existence of amorphous phase on
the film surface. After employing AES for elemental
analysis, it is concluded that the BPO film has almost
disappeared when it is annealed at 800 -C. The surface of
the 800 -C-treated BPO film is essentially Pt. The situation
is similar for the 750 -C-treated BPO film which shows a
calculated resistivity close to that of platinum as well. The
sheet resistances of the BPO films heat-treated at 500–700
-C are comparable with the reported values [13]. The
calculated resistivities of these BPO films are lower than the
resistivity of the bulk BPO ceramic. This is attributed to the
contribution from the underlying Pt layer.
To understand the performance of the prepared BPO
films as a conducting buffer layer for ferroelectrics such as
PZT films, Pb(Zr,Ti)O3 solutions were synthesized through
sol-gel process and spin-coated on the BPO films. The
properties of PZT films depend greatly on composition and
heat-treatment of PZT films. In order to elucidate the effect
of BPO films on the PZT films, the same PZT film was
spin-coated on the Pt/Ti/SiO2/Si substrate under the same
processing treatments for comparison. Fig. 5 demonstrates
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Fig. 6. Fatigue endurance of PZT films deposited on BPO/Pt/Ti/SiO2/Si and
Pt/Ti/SiO2/Si substrates.
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Pt/Ti/SiO2/Si and Pt/Ti/SiO2/Si substrates. The PZT film on
BPO possesses higher remnant polarization (Pr) than those
deposited on the Pt/Ti/SiO2/Si substrate. These two PZT
films have almost the same coercive field. The higher
remnant polarization of PZT ferroelectric films on BPO
conducting films is attributed to the similar perovskite
structure of the BPO electrode layer, while the almost equal
coercive field is due to the close conductivity of the
prepared BPO/Pt/Ti/SiO2/Si substrate with that of the
conventional Pt/Ti/SiO2/Si substrate. The fatigue and
leakage current properties of PZT films on BPO/Pt and on
Pt electrodes are exhibited in Fig. 6. The remnant polar-
ization of PZT films (650 -C-annealed) on Pt electrodes was
lowered to about 70% and 30% of the initial value after 106
and 109 switching electric cycles, respectively. In contrast,
the remnant polarization of PZT films on BPO/Pt electrodes
was only lowered to about 95% and 70% of the initial value
after 106 and 109 switching electric cycles, respectively. The
fatigue property was improved significantly by the BPO
buffer films. The degree of improvement of fatigue
endurance is as effective as the rf-magnetron sputtered
BPO films [7]. The leakage current densities measured at
electric field strength of 100 kV/cm were 3107 and
9108 A/cm2 for PZT films deposited on Pt and BPO/Pt
electrodes, respectively. The BPO films are advantageous in
decreasing the leakage current of PZT films. The results
prove that the BPO films prepared by the acetic acid-based
CSD method are beneficial as a buffer layer to improve the
ferroelectric properties of PZT materials.4. Conclusion
In this study, perovskite BPO films have been prepared
by acetic acid-based chemical solution deposition method
through spin-coating on Pt/Ti/SiO2/Si substrates. The
selection of baking temperature is important. The BPO
films contained a lot of BaCO3 second phase when the
baking temperature was 350 -C. By lowering the baking
temperature to 200 -C, the BPO films developed single
perovskite phase when they were annealed at temperatures
higher than 550 -C, which is much lower than those
prepared by the metal-organic deposition method. The
perovskite BPO phase is stable in the range of 550–650
-C and the measured conductivity of the BPO films is about
2–3 V/g. Our results confirmed that the prepared perovskite
BPO films by CSD method provided improvement in
electric properties of PZT films.Acknowledgements
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